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(54) Method to offer packet services on radio resources shared by more users in a mobile system 
of the TDD-CDMA type 



(57) According to the invention, an identifier, here 
described as User - Sfafe Flag (U-SF), is assigned to a 
pool of radio resources assigned to a mobile station, and 
possibly shared with other mobile stations, thus ena- 
bling the network to address to that specific (uplink or 
downlink) resource pool of that specific mobile station. 

Always according to the invention, all the time slots 
of the radio frame are assigned a state index, here de- 
scribed as Time Slot - State Flag (TS-SF), enabling the 
network to indicate the use condition of the relevant time 
slot to a specific mobile station, for instance addressed 
through the above-mentioned U-SF field. If the ad- 
dressed mobile station has resources assigned on time 
slot "X" and the network enables the use of such time 
slot, the above-mentioned mobile station could respec- 
tively transmit, in the agreed time slot, on the whole re- 
source pool marked with the U-SF state flag that are lo- 
cated on time slot "x" if said time slot has uplink direction, 
or is sure not to receive, for the agreed time slot, from 
the whole resource pool marked with the U-SF state flag 
that are located on time slot M x" if said time slot has 
downlink direction. 

Finally, as an integration of the points indicated 
above, the network can signal, for each time slot ena- 
bling in transmission, the power level expected in uplink 
direction by the addressed mobile station. 
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• Figure 4 shows the structure of a downlink data 
block, transmitted on radio frames of fig. 3 by the 
network, exploiting TD-SCDMA option, to mobile 
stations connected in packet mode, which differs 
from a standard GSM data block (fig.1) due to the 5 
presence of information fields specific of the 
present invention; 

• Figure 5 shows the structure of a downlink control 
block transmitted on radio frames of fig. 3 by the net- 
work, exploiting TD-SCDMA option, to mobile sta- 
tions connected in packet mode, differing from a 
standard GSM control block (fig.2) due to the pres- 
ence of information fields specific of the present in- 
vention. 

Description of a preferred embodiment of the Invention 

[0022] Figure 3 shows the radio frame structure of the 
third generation cellular system exploiting TD-SCDMA 
option, which the described invention can be applied to, 
but is not limited to the same. 

[0023] As specified above, scope of this invention is 
to define, in the context of a third generation cellular sys- 
tem exploiting TDD duplexing technique, a signalling 
method by the network towards the mobile stations with 
directions for use of the assigned radio resources, when 
the latter are shared among more users. 

[0024] The proposed method enables the network to 
perform a dynamic control of the access to the radio link 
that, though considering the high number of available 
radio resources (e.g. 15*16 = 240, for the TDD -UTRA 
3.84 Mcps technique), does not require an excessive 
signalling load; it enables to optimise listening time in 
the mobile stations (with consequent power saving) and 
supplies said mobile stations, when enabled to transmit, 
with indications on the appropriate power level to be 
used (with consequent power save and reduction of the 
produced interference). 

[0025] To reach the target goal, the method herein de- 
scribed proposes the following steps: 

A pool of radio resources assigned to a mobile sta- 
tion, and possibly shared with other mobile stations, 
is assigned an identifier, here described as User - 
State Flag (U-SF), enabling the network to address 
to that specific resource pool (uplink or downlink) of 
that specific mobile station. The more are the re- 
source pools defined for a same mobile user, the 
higher shall be the granularity with which the net- 
work can address to specific radio resources of that 
user, without growing the requested signalling load. 
Later in the description, the term “resource pool" 
shall define one or more radio resources, each one 
defined by parameters: carrier frequency; time slot; 
code and transmission frames (this last parameter 
enables to house more users on the same carrier, 
time slot and code, alternating them in the time do- 
main). 



All the time slots of the radio frame (e.g. 7, for the 
TD-SCDMA mode; see figure 3) are assigned a 
state index, herein described as Time Slot - State 
Flag (TS-SF), enabling the network to indicate to a 
specific mobile station, for instance addressed 
through the above-mentioned U-SF field, the avail- 
ability of the relevant time slot; in particular, said 
time slot - state flag consists for the TD-SCDMA 
mode of an octet whose presence is highlighted in 
fig. 4 through the octet 1 TS-SF. If the addressed 
mobile station has resources assigned on the time 
slot "X" and the network enables the use of said time 
slot setting for instance at logic value 1 the corre- 
sponding bit of the TS-SF octet, the mentioned mo- 
bile station could respectively transmit, in the 
agreed time period, on the whole pool of resources, 
marked with the U-SF state flag, that are located on 
time slot "x" if said time slot has uplink direction, or 
is certain not to receive, for the agreed time period, 
from the whole pool resources, marked with the 
U-SF state flag, located on time slot “x", if said time 
slot has downlink direction. The possibility to explic- 
itly indicate which uplink resources are enabled for 
transmission offers a high flexibility degree on the 
network side in controlling the access to shared re- 
sources, allowing at the same time to solve the non 
implicit association between downlink radio re- 
sources and uplink radio resources typical of TDD 
techniques. Notice how, the possibility, on the net- 
work side, to inform a mobile station that in the next 
agreed time period it shall not receive useful infor- 
mation from a given pool of radio resources, ena- 
bles said mobile station to switch off its own receiver 
on those radio resources and for the agreed time 
period with consequent power save or, as an alter- 
native, to carry out measurements of different type, 
necessary to maintain the quality of the connection 
underway. 

As an extension of the previous point, it can be as- 
sumed that, if the network addresses a specific mo- 
bile station only through the U-SF field, the above- 
mentioned mobile station will interpretthis message 
as enabling it to transmit in the next agreed time 
period by the whole pool of uplink assigned radio 
resources, marked by the U-SF state flag, and that 
it shall listen to all the downlink assigned radio re- 
sources. Dually, the network can address to a spe- 
cific mobile station only through the TS-SF field 
when the identifier of the above-mentioned mobile 
station is implicitly known (for instance because the 
network sends the message through a radio re- 
source dedicated to the above-mentioned mobile 
station). The mobile station shall interpret the pos- 
sibility to use a specific time slot, as a possibility to 
use all the resources (uplink or downlink) it has as- 
signed on that time slot. 

Finally, as an integration of the issued described 
above, the network can signal, for each time slot 
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enabled in transmission, the power level expected 
in reception by the addressed mobile station. The 
command concerning the expected power level has 
been indicated in figure 4 through the octets Octet 
1 to Octet M and marking said commands with the 
'Transmit powercommand" name. Keeping in mind 
that the interference level on a time slot can be as- 
sumed to be the same for all the codes of that time 
slot, the addressed mobile station could apply the 
power indication supplied by the network (oppor- 
tunely deducted of the relevant Spreading factors) 
to all radio resources it has assigned on that specific 
time slot. 

[0026] As an example, but not limited to the same, 
making reference to the TD-SCDMA radio access mode 
currently standardised in CWTS environment (Chinese 
Wireless Telecommunication Standards) and known as 
standard TSM ( TD-SCDMA System for Mobile), figures 
4 and 5 show, the structure of the downlink data and 
control block incorporating the teachings of the present 
invention, that is, containing the User - State Flag 
(U-SF); Time Slot - State Flag (TS-SF) and Transmit 
Power Command Level fields with which the network 
can signal to the mobile station, the power level expect- 
ed on uplink time slots enabled fortransmission through 
the TS-SF field. 

[0027] With reference to figure 4 and 5, it can be no- 
ticed how the Transport Flow Identifier (TF\) field known 
to GSM systems is still employed in the same way to 
indicate the current data or control field to the addressed 
mobile station. 

Advantages of the Invention 

[0028] The method scope of the present invention en- 
ables a third generation cellular network exploiting a 
TDD duplexing technique (such as for instance the 1 .28 
Mcps TDD UTRA mode) to control the use of radio re- 
sources shared among more mobile stations for servic- 
es offered in packet mode, with the complete flexibility 
of the dynamic allocation medium access mode already 
known by second generation cellular systems (such as 
the GSM), but considering the typical issues of third gen- 
eration cellular networks such as: 

The number of radio resources that can be as- 
signed is high, since it depends on the number of 
codes that can be allocated per time slot in addition 
to the number of time slots present in the radio 
frame; the resource pool concept and the use of the 
User- State Flag (U-SF) field, possibly com- 
bined with the enabling state of each time slot Time 
Slot - State Flag (TS-SF), enables to limit the size 
of the signalling message. 

There is no rigid association between uplink radio 
resources and downlink radio resources; this 
makes impossible to indicate/address specific up- 



link radio resources sending massages on specific 
downlink radio resources; the use of the 

TS-SF field enables to control radio resources 
in a flexible way for each transmission direction. 
s - The importance to optimise power consumptions in 
mobile stations; therefore the possibility to signal, 
through the TS-SF field possibly combined with the 
U-SFfield, the lack of useful information for a mobile 
user in the agreed next time period, enables the 
to specific mobile station to switch off the receiver or 
to perform the radio measurements requested by 
the network in the above-mentioned time period. 
The importance to optimise the transmitted power 
level, in order to minimise consumptions and the in- 
t5 duced interference; this is allowed foreseeing a 
Transmit Power Command field for each time slot 
enabled in transmission by the network through the 
TS-SF field. 

20 [0029] The following variants to the dynamic access 

method to shared resources described in its preferred 
embodiment, enable to further extend the above men- 
tioned advantages: 

25 1 st Variant) - A same mobile station is assigned a 

plurality of control fields U-SFI, .... U-SFn, each 
one associated to a different sub-set of resources 
assigned to the same mobile station. These control 
fields are "alternatively" introduced by the network 
30 in the present downlink packets to discriminate the 
sub-set of selected resources on which the above- 
mentioned mobile station shall act in accordance 
with the information read in the control field TS-SF 
addressed through the present U-SFi control field. 
35 2 nd Variant) - Mobile stations, separate at least for 
the uplink direction, are assigned the same value of 
the U-SF control field provided it is associated to 
different radio resources among the above-men- 
tioned separate mobile stations, said control field 
^0 can be simultaneously used by the above-men- 
tioned mobile stations to select the (sub-) set of se- 
lected resources where to act accordance with the 
information contained in the TS-SF control field. 

3 rd Variant) - Said downlink packets include a plu- 
45 rallty of control fields U-SFI, ..., U-SFn, each U-SF 
field being associated to the same mobile station 
and/or to separate mobile stations and correspond- 
ing to a different (sub-) set of resources. The control 
fields U-SFI , ..., U-SFn being able to be simultane- 
30 ousiy used by the above-mentioned mobile stations 
to select the (sub-)sets of selected resources where 
to act in accordance with the information contained 
in the TS-SF control field. 

55 

Claims 

1 . Dynamic access method to shared resources at the 
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radio interface of a third generation cellular network 
by more mobile stations (MS) employing said re- 
sources to transmit/receive packet data on radio 
channels to/from a base transceiver station (BTS) 
in communication with the network, said resources 5 
including: 

at least a carrier frequency; 
a first number of time slots of a radio frame for 
time division utilization, orTDMA, of said carrier 10 
for the transmission of packets from the base 
transceiver station towards the mobile stations; 
a second number of time slots of said radio 
frame, separate from the first one, for TDMA 
use, of said carrier for the transmission of pack- * 5 
ets from the mobile systems to the base trans- 
ceiver station; 

time slots for uplink or downlink synchroniza- 
tion; 

a radio multiframe including a succession of 20 
said radio frames, cyclically numbered, in order 
that the marking of frame positions in the mul- 
tiframe can distinguish different radio channels; 
a set of code sequences orthogonal among 
them, each sequence being able to be tempo- 25 
rarily assigned to a mobile station for the so- 
called spread-spectrum moduiation/demoduia- 
tion of packet data transmitted/received on a 
same codedivision shared time slot, or CDMA, 
among the mobile stations assignee of the 30 
spreading codes; 

the set of said resources contributing to define 
physical channels having different logic meaning 
concerning a use foreseen for the control of the mo- 35 
bile stations or for the traffic support f rom/to the mo- 
bile stations; the network opportunely employing 
said control channels for the temporary assignment 
of the resources necessary to the support of dedi- 
cated traffic channels or to the associated signal- 
ling; the network being also able to selectively en- 
able the mobile stations to access to a shared chan- 
nel which they are assignee of, either sending an 
access enabling information on a same number of 
dedicated channels, or using control fields mainly 45 
included in the header of data and signal packets 
broadcast transmitted by the BTS on a downlink 
channel shared by the mobile stations, among 
which a first control field (TFI) univocally identifies 
each mobile station which data packet are ad- 
dressed to, characterised in that: 

- said resources assigned by the network to a 
mobile can be parted in single sub-sets, even 
only one, which can be individually selected for 55 
the access to a shared time slot; 
said downlink packets include a second control 
field (TS-SF) containing as many flags as are 



the uplink and downlink time slots of the radio 
frame: an agreed logic value of a flag associat- 
ed to an uplink time slot enabling the mobile to 
transmit on that time slot using the pre-selected 
sub-set of resources for the whole duration of 
an agreed time period, including one or more 
radio blocks; while an agreed logic value of a 
flag relevant to a downlink time slot assuring 
the mobile to receive nothing, for the agreed 
time period, from said pre-selected sub-set of 
resources; 

- one, or more, mobile stations having access to 
a shared time slot are supplied with an addition- 
al information (U-SF, dedicated channel) asso- 
ciated to the sub-set, or set, of resources se- 
lected for the access, that enables to sele;. a 

subset, or set, of resources selected by the .i- 
work and to be used in compliance with the. in- 
formation contained on said flags inside said 
second control field (TS-SF) joined respectively 
to uplink timeslot assigned to at least one of the 
uplink selected resources and at dowlink as- 
signed time slot to at least one of the selected 
resources. 

2. Dynamic access method to shared resources ac- 
cording to claim 1 , characterized in that said 
downlink packets include at least a third control field 
(U-SF) containing said additional information, 
which can be used by the mobile station to select 
said sub-set, or set, of pre-selected resources 
whereto act in accordance with the information con- 
tained in the second control field (TS-SF). 

3. Dynamic access method to shared resources ac- 
cording to claim 2, characterized in that a same 
mobile station is assigned a plurality of said third 
control fields (U-SF1; ...; U-SFn) each one associ- 
ated to a different sub-set of resources assigned to 
the same mobile station mentioned above, said 
third control fields being alternatively included by 
the network in said downlink packets to discriminate 
the pre-selected sub-set of resources where the 
above-mentioned mobile station shall act in accord- 
ance with the information read In said second con- 
trol field (TS-SF). 

4. Dynamic access method to shared resources ac- 
cording to claim 2, characterized in that separate 
mobile stations are assigned the same value of said 
third control field (U-SF) provided it is associated to 
different sub-sets of radio resources assigned to the 
above-mentioned mobile stations, separate at least 
for the uplink direction, said third control field being 
able to be simultaneously used by the above-men- 
tioned separate mobile stations to select the rele- 
vant sub-set of resources where to act in accord- 
ance with information contained in said second con- 
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5. Dynamic access method to shared resources ac- 
cording to claim 2, characterized in that said 
downlink packets include a plurality of third control 5 
fields (U-SF1; U-SFn) each one corresponding 

to a different sub-set, or set, of resources associat- 
ed to the same mobile station and/or to separate 
mobile stations that can be simultaneously used by 
the above-mentioned mobile stations to select the io 
sub-sets, or set, of pre-selected resources whereto 
act in accordance with information contained in the 
second control field (TS-SF). 

6. Dynamic access method to shared resources ac- is 
cording to claim 1 , characterized in that said ad- 
ditional information is supplied through a dedicated 
channel preferably narrow band and can be used 

by the mobile station to act on radio resources as- 
sociated to the above-mentioned dedicated chan- 20 
nel according to the information contained in the 
second control field (TS-SF). 

7. Dynamic access method to shared resources ac- 
cording to the previous claims, characterized in 25 
that said downlink packets include at least a fourth 
control field containing the expected power level in 
reception in the base transceiver station by the mo- 
bile stations addressed through the third control 
field (U-SF, dedicated channel) concerning at least 30 
one of the time slots enabled to transmission by the 
second control field (TS-SF). 
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